The effect of 2-substitutions (NH,, O, CH30, CI. Br) in 3-methylquinoxalines on the fluorescence and phosphorescence band position and intensity at 293 K, and the temperature dependence of their fluorescence and phosphorescence quantum yields were investigated in polyvinyl alcohol) films.
Introduction
The effect of substituents on luminescence (fluores cence and phosphorescence) behaviour of quinoxaline is of great importance in the investigations of radiative and radiationless transitions. These two processes de pend on the magnitude of spin-orbit interaction be tween singlet and triplet states, and on the transition moment between states of equal multiplicities [1] . The investigations of the heavy-atom substituent effect on the phosphorescence properties of frozen solutions of 2,3-disubstituted quinoxalines in different solvents (hexane, cyclohexane. methylcyclohexane, ethyl ether, isopentane), and in single crystals, have already been reported [2] [3] [4] [5] . Recently, the effect of 5-and 6-substitutions on phosphorescence properties was investi gated at low temperatures [6] , From amongst numerous mono-and disubstituted quinoxaline derivatives investigated in different sol vents at room temperature (e.g., in n-hexane, n-heptane, methanol), only few emitted fluorescence. Readily measurable fluorescence was observed by Perkampus [7] for 2,3-dimethyloxy-quinoxaline and 2,3-diisopropoxy-quinoxaline in n-hexane and methanol.
2-Substituted 3-methylquinoxalines investigated in the present work by a highly sensitive modulation method of measuring the fluorescence spectra, exhibit weak fluorescence with a quantum yield ranging from 10"3 to 1CT4 in n-hexane and methanol. However, when in rigid medium of polyvinyl alcohol (PVA) at room temperature, these compounds emit both fluores cence and phosphorescence markedly differing in the quantum yields.
The goal of the work reported here consisted in the investigation of the effect of 2-substituted (NH2, O, CH30 , CI, Br) 3-methylquinoxalines in PVA on the position and intensity of fluorescence and phospho rescence bands at 293 K, and the temperature effect (from 80 to 333 K) on their fluorescence and phospho rescence quantum yields.
Experimental 2,3-Disubstituted quinoxalines:
5 4
2-amino-3-methylquinoxaline (NH2), 2-oxy-3-methylquinoxaline (O), 2-methoxy-3-methylquinoxaline (OCH3), 2-chloro-3-methylquinoxaline (CI) and 2-bromo-3-methylquinoxaline (Br) were purified by recrystallization and vacuum sub limation.
Isotropic films were prepared of a 15% aqueous solution of polyvinyl alcohol (PVA) in which the molecules investigated were set up by methanol. The method of obtaining the films was described previously [8. 9] , Absorption spectra were measured on an M-40 (C. Zeiss, Jena) spectrophotometer, and the fluores 0932-0784 / 91 / 0400-0313 $ 01.30/0. -Please order a reprint rather than making your own copy. cence and phosphorescence* spectra were recorded using a fully automatic spectrofluorimeter designed and built in our institute [10, 11] .
Fluorescence and phosphorescence quantum yields, <£F P, were determined relative to quinine sulfate in 0.5 mol dm -3 H2S 0 4 as a standard [12, 13] Fhe measurements were carried out in a vacuum cryostat, the temperature being stabilized with an ac curacy of +1 K.
Results and Discussion
Fhe absorption, fluorescence, and phosphorescence spectra shown in Fig. 1 for 2-substituted 3-methylquinoxalines investigated in PVA at 293 K do not display vibrational structure and are broadened. Fhe effect of heavy atoms substituted in position 2 is clearly noticeable. A distinct effect of substituents on the absorption, fluorescence, and phosphorescence band positions is particularly observed in the case of light substituents, such as NH, and O. For the heavy substituents CI and Br, the absorption and fluores cence spectra overlap entirely. Fhe strongest fluores cence in PVA is emitted at room temperature for the substituent NH2. In this case, a weak phosphores cence band can hardly be observed around 20 kK. Fhe phosphorescence band enhances distinctly for sub stituent O, despite equal atomic weights of these sub stituents (NH2 and O). Fhe heavy atom effect is markedly stronger for OCH3. Fhe quantum yields measured for the substances investigated as a function * By "phosphorescence" we mean the emission due to the radiative transition from the lowest triplet state Tx to the ground state S0 of the molecule. of temperature have been summarized in Table 1 . As can be inferred based on the results given therein, the relative phosphorescence to fluorescence quantum yield, <PP/<PF, at 293 K increases in the presence of heavy atom: the respective quantum yield ratios for NH2, O, and OCH3 amount to 0.057, 0.438, and 0.784. The ratio <f>p/<Z>F increases distinctly for markedly heavier atoms, CI and Br, amounting to 2.423 and 21.63. respectively (Table 1) . For CI sub stituent, which is only slightly heavier than OCH3, the increase in <f>P/<£F is not high, amounting to 2.423, whereas for Br, heavier than CI by 2.254, fluorescence cannot practically be observed (Fig. 1, Br) . In this case, the fluorescence quantum yield at 293 K scarcely amounts to 0.008. Upon descreasing the temperature, an enhancement both in the fluorescence and phosphorescence quan tum yields is observed for the substituents NH2, O, and OCH3. At 80 K, the ratio <V<£F amounts to 0.959, 1.080, and 6.443 for NH2, O, and OCH3, respectively. <PP/<PF enhances rapidly at 80 K for CI and Br, amounting to 20.25 and 102.4, respectively (Table 1) , thus evidencing the heavy atom effect and, hence, con siderable spin-orbit interaction between the singlet and triplet states. The behaviour of the phosphores cence quantum yield, <PP, as a function of temperature is shown in Fig. 2 for all compounds investigated. In the temperature range of 80 K -100 K, (Pp can be con sidered as almost temperature-independent.
